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(57)Abstract: 

PURPOSE: To provide a crank angle detector which can exactly 
judge any abnormality of phase by precisely and accurately 
detecting rotational phase shift between a crank shaft and a cam 
shaft. 

CONSTITUTION: A crank angle detector is provided with a crank 
shaft sensor 34 for sending rotational angle signals which can 
detect a fixed rotational position of a crank shaft for every fixed 
rotational angle of a crank shaft 22 and a cam shaft sensor 36 for 
sending reference signals in the fixed rotational position of a cam 
shaft 26. A rotational angle GA of the crank shaft is computed by a 
CPU 41(Step1 10-1 50), wherein the rotational angle GA is such a 
rotational angle of the crank shaft 22 formed from the time when 
the reference signal is output from the cam shaft sensor 36 and to 
the time when the fixed rotational position (>1;TDC) of the crank 
shaft 22 is detected by output signals from the crank shaft sensor 
34. Moreover, the learning value GAM of rotational angle GA 
computed in the past is computed(Step 180), and any abnormality 
of phase between the crank shaft 22, and the cam shaft 26 is 
judged from a deviation of the latest rotational angle GA from the 
learning value GAM. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The crankshaft sensor which is formed in an internal combustion engine's crankshaft and generates an 
identifiable angle-of-rotation signal for the criteria rotation location of a crankshaft for every predetermined 
angle of rotation of this crankshaft, The cam shaft sensor which is formed in the cam shaft which is 
mechanically connected with the above-mentioned crankshaft and rotates at 1 time of the rate to two rotations 
of this crankshaft, and generates a reference signal in the predetermined rotation location of this cam shaft, A 
criteria rotation location detection means to detect the criteria rotation location of the above-mentioned 
crankshaft based on the angle-of-rotation signal from the above-mentioned crankshaft sensor, It is based on the 
angle-of-rotation signal outputted from the above-mentioned crankshaft sensor whenever a reference signal is 
outputted from the above-mentioned cam shaft sensor. An angle-of-rotation calculation means to compute angle 
of rotation of the above-mentioned crankshaft after a reference signal is outputted from the above-mentioned 
cam shaft sensor until the criteria rotation location of the above-mentioned crankshaft is detected by the above- 
mentioned criteria rotation location detection means, A study value calculation means to compute the study 
value which equalized this angle of rotation based on two or more angle of rotation computed in the past with 
this angle-of-rotation calculation means, It is based on the study value of the above-mentioned angle of rotation 
computed with this study value calculation means, and the newest angle of rotation computed with the above- 
mentioned angle-of-rotation calculation means. It is detection equipment whenever [ crank angle / of the 
internal combustion engine characterized by having an abnormality judging means to judge abnormalities when 
the rotation phase shift to the above-mentioned crankshaft of the above-mentioned cam shaft is detected and this 
amount of gaps becomes beyond a predetermined value ]. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to detection equipment whenever [ crank angle / of the internal 
combustion engine having the crankshaft sensor which generates an angle-of-rotation signal for every 
predetermined angle of rotation of a crankshaft, and the cam shaft sensor which generates a reference signal for 
every rotation of the cam shaft mechanically connected with the crankshaft through the timing belt etc. ]. 
[0002] 

[Description of the Prior Art] With a four-cycle internal combustion engine, the stroke from inhalation of air to 
exhaust air is completed by two rotations of a crankshaft. For this reason, the crankshaft sensor which generates 
an angle-of-rotation signal for every predetermined angle of rotation of a crankshaft in this kind of internal 
combustion engine, It has the cam shaft sensor which generates a reference signal for every rotation of the cam 
shaft mechanically connected with the crankshaft through the timing belt etc. with the reference signal from a 
cam shaft sensor He detects the criteria rotation location (for example, top dead center of a specific gas column) 
of a crankshaft, and is trying to detect whenever [ crank angle ] by making two rotations of a crankshaft into one 
period based on this detection result and the angle-of-rotation signal from a crankshaft sensor. 
[0003] By the way, since the cam shaft with which a cam shaft sensor is formed is mechanically connected to 
an internal combustion engine's crankshaft through the timing belt etc., a rotational phase [ crankshaft / a cam 
shaft and ] may shift by a gearing's backlash, bending of a timing belt, etc. When such a rotation phase shift 
(abnormalities in a phase) occurs, abnormalities arise in the detection result of whenever [ crank angle ], and it 
becomes impossible and to perform ignition timing control etc. good based on the detection result. 
[0004] So, in the former, as indicated by JP,64-68618,A, for example If it separates from the predetermined 
range where angle of rotation of a crankshaft until an angle-of-rotation signal is outputted next from a 
crankshaft sensor was computed, and this calculation result was set up beforehand after a reference signal is 
outputted from a cam shaft sensor It considers judging that the above-mentioned abnormalities in a phase 
occurred, and switching to the control which does not use whenever [ crank angle / which is acquired by each 
above-mentioned sensor in engine control ]. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the reference signal from a cam shaft sensor is 
premised on being between two angle-of-rotation signals outputted from a crankshaft sensor in the 
predetermined angle-of-rotation location of a crankshaft in the equipment of this proposal, When the rotation 
phase shift of a crankshaft and a cam shaft exceeded angle of rotation of the crankshaft corresponding to angle- 
of-rotation signal output spacing of a crankshaft sensor by gear- tooth jump of a timing belt etc., there was a 
problem that the amount of gaps was correctly undetectable. 

[0006] Moreover, since angle of rotation of a crankshaft until an angle-of-rotation signal is outputted next from 
a crankshaft sensor becomes the same as always [ forward ] after a reference signal is outputted from a cam 
shaft sensor when the amount of rotation phase shifts of a crankshaft and a cam shaft becomes angle of rotation 
of the crankshaft corresponding to angle-of-rotation signal output spacing of a crankshaft sensor, or its multiple, 
there is also a problem of it becoming impossible to detect the above-mentioned abnormalities in a phase. 
[0007] Furthermore, since it is mechanically connected using the timing belt etc., and it attaches to the rotation 
phase of each shaft, tolerance is included and a phase shift arises according to this attachment tolerance also 
from each sensor to a detecting signal, a crankshaft and a cam shaft also have the problem that an abnormality 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 10/28/2005 



JP,05-248304,A [DETAILED DESCRIPTION] 



Page 2 of 7 



judging cannot be performed, when the amount of rotation phase shifts of a crankshaft and a cam shaft is in that 
tolerance. 

[0008] This invention was made in view of such a problem, moreover, detects the rotation phase shift of a 
crankshaft and a cam shaft with high degree of accuracy certainly, and aims at offering detection equipment 
whenever [ crank angle / of the internal combustion engine which can judge the abnormalities in a phase 
correctly ]. 
[0009] 

[Means for Solving the Problem] Namely, this invention made in order to attain the above-mentioned purpose 
The crankshaft sensor which is formed in an internal combustion engine's crankshaft and generates an 
identifiable angle-of-rotation signal for the criteria rotation location of a crankshaft for every predetermined 
angle of rotation of this crankshaft so that it may illustrate to drawing 1 , The cam shaft sensor which is formed 
in the cam shaft which is mechanically connected with the above-mentioned crankshaft and rotates at 1 time of 
the rate to two rotations of this crankshaft, and generates a reference signal in the predetermined rotation 
location of this cam shaft, A criteria rotation location detection means to detect the criteria rotation location of 
the above-mentioned crankshaft based on the angle-of-rotation signal from the above-mentioned crankshaft 
sensor, It is based on the angle-of-rotation signal outputted from the above-mentioned crankshaft sensor 
whenever a reference signal is outputted from the above-mentioned cam shaft sensor. An angle-of-rotation 
calculation means to compute angle of rotation of the above-mentioned crankshaft after a reference signal is 
outputted from the above-mentioned cam shaft sensor until the criteria rotation location of the above-mentioned 
crankshaft is detected by the above-mentioned criteria rotation location detection means, A study value 
calculation means to compute the study value which equalized this angle of rotation based on two or more angle 
of rotation computed in the past with this angle-of-rotation calculation means, It is based on the study value of 
the above-mentioned angle of rotation computed with this study value calculation means, and the newest angle 
of rotation computed with the above-mentioned angle-of-rotation calculation means. The rotation phase shift to 
the above-mentioned crankshaft of the above-mentioned cam shaft is detected, and when this amount of gaps 
becomes beyond a predetermined value, detection equipment is made into the summary whenever [ crank 
angle / of the internal combustion engine characterized by having an abnormality judging means to judge 
abnormalities ]. 
[0010] 

[Function] Whenever [ crank angle / of this invention constituted as mentioned above ], a crankshaft sensor 
generates an identifiable angle-of-rotation signal for the criteria rotation location of a crankshaft for every 
predetermined angle of rotation of a crankshaft, a cam shaft sensor generates a reference signal in detection 
equipment, in the predetermined rotation location of a cam shaft, and a criteria rotation location detection means 
detects the criteria rotation location of a crankshaft based on the angle-of-rotation signal from a crankshaft 
sensor. 

[001 1] Moreover, if a cam shaft sensor generates a reference signal, an angle-of-rotation calculation means 
computes angle of rotation of a crankshaft after a reference signal is outputted from a cam shaft sensor until the 
criteria rotation location of a crankshaft is detected by the criteria rotation location detection means based on the 
angle-of-rotation signal from a crankshaft sensor, and a study value calculation means will compute the study 
value which equalized angle of rotation based on two or more angle of rotation computed in the past with the 
angle-of-rotation calculation means. 

[0012] Then, an abnormality judging means detects the rotation phase shift to the crankshaft of a cam shaft 
based on the study value computed with the study value calculation means, and the newest angle of rotation 
computed with the angle-of-rotation calculation means, and abnormalities are judged when the amount of gaps 
becomes beyond a predetermined value. 
[0013] 

[Example] The example of this invention is explained with a drawing below. Drawing 2 is an outline block 
diagram showing the internal combustion engine 2 of the 4-cylinder to which this invention was applied, and its 
peripheral device first. 

[0014] As shown in drawing, air is introduced into an internal combustion engine 2 through the inlet pipe 8 in 
which the surge tank 6 grade for removing pulsation of the throttle valve 4 opened and closed by the accelerator 
pedal which is not illustrated being interlocked with and inhalation of air was prepared. Moreover, by opening a 
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fuel injection valve 10, a fuel is supplied for every gas column and lit with the ignition plug 12 prepared in each 
gas column. And the exhaust air after combustion by this ignition is discharged through the exhaust pipe 16 
with which the three way component catalyst 14 for exhaust air purification was formed. 
[0015] Moreover, the sequential distribution of the high voltage generated with the ignition coil 18 by the 
ignition plug 12 of each gas column are carried out through a distributor 20, and ignition is performed by this 
for every gas column. That is, a distributor 20 is attached in the cam shaft 26 connected with an internal 
combustion engine's 2 crankshaft 22 through the timing belt 24, and when a cam shaft 26 rotates at 1 time of the 
rate to two rotations of a crankshaft 22, he allots the high voltage which the ignition coil 1 8 generated to the 
ignition plug 12 of each gas column by sequential. 

[0016] moreover, to an internal combustion engine 2, as a sensor for detecting the operational status next An 
intake- air temperature It is attached in the air- fuel ratio sensor 33 and crankshaft 22 which detect the air-fuel 
ratio of gaseous mixture, the intake temperature sensor 30 to detect, the air flow meter 31 which detects the air 
content which flows into an inlet pipe 8, the coolant temperature sensor 32 which detects the temperature of 
cooling water, and the fuel supplied to the internal combustion engine 2 from the oxygen density under exhaust 
air It is an angle-of-rotation signal (it is hereafter called Ne signal.) for every predetermined angle of rotation 
of a crankshaft 22. It is attached in the generated crankshaft sensor 34 and a cam shaft 26, and has the cam shaft 
sensor 36 which generates a reference signal (henceforth Gl signal) in the predetermined angle-of-rotation 
location of a cam shaft 26. 

[0017] In addition, the crankshaft sensor 34 is the so-called magnetometric sensor, and he is trying for sensing 
coil 34a which fixed to the crankshaft 22 Rota 35 which deleted only two of the projection and formed toothless 
section 35a while forming 36 projections in the perimeter at equal intervals, as shown in drawing 3 , and was 
fixed to the predetermined location of Rota 35 perimeter to detect the projection of Rota 35 magnetically, 
moreover, sensing coil 34a — the projection next to toothless section 35a — the 1st of an internal combustion 
engine 2 — cylinder #1 and the 4th — it is positioned so that it may detect in the top dead center location of 
cylinder #4. for this reason, the 1st of the internal combustion engine 2 corresponding to [ as shown in drawing 
4 (a) from the crankshaft sensor 34 ] toothless section 35a - cylinder #1 and the 4th - it is a rotation field 
except the before [ a top dead center ] 30-degree-CA part of cylinder #4, and Ne signal will be outputted to 
every 10 degree-C[ of a crankshaft 22 ] A. 

[0018] Moreover, it is made for the cam shaft sensor 36 to be the so-called magnetometric sensor, and to be 
detected as shown in drawing 3 magnetically like the crankshaft sensor 34 using sensing coil 36a which fixed to 
the cam shaft 26 Rota 37 where one projection was formed in the perimeter, and fixed the projection to the 
predetermined location of Rota 37 perimeter, moreover, sensing coil 36a ~ the 1st of an internal combustion 
engine 2 — it is positioned so that the projection of Rota 37 may be detected with predetermined angle of 
rotation in front of the top dead center of cylinder #1 . for this reason, from the cam shaft sensor 36, it is shown 
in drawing 4 (g) — as — one rotation of a cam shaft 26 — two rotations of 1 time 22, i.e., a crankshaft, — the rate 
of 1 time , - the 1st — Gl signal will be outputted in front of the top dead center of cylinder #1 . 
[0019] Next, the detecting signal from each above-mentioned sensor is inputted into an electronic control 
(ECU) 40. the fuel supplied to an internal combustion engine 2 based on the detecting signal from each above- 
mentioned sensor which ECU40 is constituted by the well-known microcomputer which consists of CPU41, 
ROM42, RAM43, backup RAM 44, a timer 45, and I/O circuit (I/O) 46 grade, and expresses an internal 
combustion engine's 2 operational status — the air-fuel ratio of gaseous mixture, the high- voltage generating 
timing (namely, ignition timing) from an ignition coil 18, etc. are controlled. 

[0020] Moreover, in the I/O circuit 46 of ECU40, Ne signal from the above-mentioned crankshaft sensor 34 and 

Gl signal from the cam shaft sensor 36 are processed, and the digital disposal circuit which generates the 

various signals used for controlling an internal combustion engine 2 by CPU41 is prepared. 

[0021] The waveform shaping circuits 47 and 48 which shape Ne signal and Gl signal in waveform, 

respectively as this digital disposal circuit is shown in drawing 3 , The angle-of-rotation signal of every 30 

degrees-C [ of crankshafts from Ne signal shaped in waveform in each waveform shaping circuits 47 and 48, 

and Gl signal ] A (it is hereafter called NE signal.) The top dead center signal showing the top dead center of 

each gas column (it is hereafter called a TDC signal.) And the gas column distinction signal for gas column 

distinction (it is hereafter called G2 signal.) It consists of signal generation circuits 50 to generate. 

[0022] Hereafter, the configuration and actuation of this signal generation circuit 50 are explained. As shown in 
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drawing 3 , in the signal generation circuit 50, Ne signal shown in drawing 4 (a) shaped in waveform first in the 
waveform shaping circuit 47 is inputted into the toothless distinction circuit 52. the toothless distinction circuit 
52 — the 1st of the loss of teeth 2 from input spacing of Ne signal, i.e., an internal combustion engine, — 
cylinder #1 or the 4th — the top dead center of cylinder #4 is distinguished. Then, a frequency divider 54 
generates NE signal of every 30 degree-CA of the crankshaft 22 shown in drawing 4 (b) by carrying out 1/3 
dividing of the angle-of-rotation signal Ne inputted after that. 

[0023] Moreover, it counts up with NE signal which is reset by it at the time of dividing initiation of a 
frequency divider 54, i.e., when the toothless distinction circuit 52 distinguishes loss of teeth in the signal 
generation circuit 50, and is outputted to it from a frequency divider 54 after that, if counted value is set to "23" 
as shown in drawing 4 (c), counted value will be reset to 0 by the following NE signal, and the crank counter 56 
which starts count-up again is formed. This crank counter 56 generates a TDC signal with the following NE 
signal with which counted value was set to "5", "11", "17", and "23", as shown in drawing 4 (d). 
[0024] that is, the crank counter 56 — the 1st of an internal combustion engine 2 — cylinder #1 or the 4th — it is 
reset in the top dead center of cylinder #4, and since it counts up to every 30 degree-C[ of a crankshaft 22 ] A 
until the rear-brake-bell-crank shaft 22 rotates two times, although a gas column cannot be specified, the top 
dead center of each gas column is detectable [ with the counted value ]. Then, CPU41 enables it to detect the 
top dead center of each gas column correctly in this example by generating a TDC signal as mentioned above 
from the crank counter 56. 

[0025] moreover, the crank counter 56 — that counted value — the 1st — cylinder #1 or the 4th — since the top 
dead center of cylinder #4 is detectable, the sample gate signal (henceforth SG signal) shown in drawing 4 (e) 
for incorporating Gl signal inputted into predetermined angle-of-rotation within the limits in front of this top 
dead center is generated. 

[0026] This SG signal is inputted into CP1 generation circuit 60 which generates the clear pulse (henceforth 
CP1 signal) for resetting the D-flip-flop circuit 58 which latches Gl signal inputted through a waveform 
shaping circuit 48. CP1 generation circuit 60 with the starter signal (ST A) inputted at the time of an internal 
combustion engine's 2 starting The D-flip-flop circuits 62 and 64 which are set and reset and operate with the 
internal clock in ECU40 (CK), respectively, It consists of AND circuits 66 which output the signal (namely, 
CP1 signal) of High level when both the output of the D-flip-flop circuit 62 and the reversal output of the D- 
flip-flop circuit 64 are High level. The above-mentioned SG signal is inputted into the input terminal D of the 
D-flip-flop circuit 62, and the output of the D-flip-flop circuit 62 is used as the input terminal D of the D-flip- 
flop circuit 64 at an input. Therefore, as CP1 generation circuit 60 is shown in drawing 4 (f), at the time of the 
start of SG signal, CP1 signal of the predetermined width of face determined with the period of an internal clock 
will be generated, and the D-flip-flop circuit 58 is reset by this CP1 signal. 

[0027] On the other hand, Gl signal shown in drawing 4 (g) inputted into the D-flip-flop circuit 58 through a 
waveform shaping circuit 48 is inputted as a clock signal, and supply voltage VCC is always impressed to the 
input terminal D of the D-flip-flop circuit 58. For this reason, the output of the D-flip-flop circuit 58 serves as 
High level, when Gl signal is inputted. Moreover, the D-flip-flop circuit 58 is reset as mentioned above by CP1 
signal outputted from CP1 generation circuit 60. Therefore, in the D-flip-flop circuit 58, Gl latch signal used as 
High level shown in drawing 4 (h) will be generated until back CP1 signal into which Gl signal was inputted is 
inputted. 

[0028] Next, this Gl latch signal is inputted into the input terminal D of the D-flip-flop circuit 68. NE clock 
generated whenever, as for the D-flip-flop circuit 68, the crank counter 56 performs count actuation with NE 
signal — winning popularity — operating — the 1st from the crank counter 56 — cylinder #1 or the 4th ~ it is 
reset by the clear pulse (CP2) shown in drawing 4 (i) outputted at the time of top dead center detection of 
cylinder #4. for this reason — the D-flip-flop circuit 68 — after Gl latch signal input and NE signal — 
synchronizing — starting — after that — the 1st — cylinder #1 or the 4th — G2 signal for gas column distinction 
which falls in the top dead center of cylinder #4 (if Gl signal is normal — the 1st — it falls in the top dead center 
of cylinder #1) and which is shown in drawing 4 (j) is generated. 

[0029] Thus, NE signal of every [ which was generated in the signal generation circuit 50 ] 30 degrees-C [ of 
crankshafts ] A, the TDC signal showing the top dead center of each gas column, and G2 signal for gas column 
distinction are inputted into CPU41 with Gl signal shaped in waveform in the waveform shaping circuit 48. For 
this reason, while a TDC signal and G2 signal detect the top dead center of a specific gas column (this example 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 10/28/2005 



JP,05-248304,A [DETAILED DESCRIPTION] 



Page 5 of 7 



the lcylinder# 1), with NE signal and the TDC signal which are inputted after that, whenever [ crank angle ], 
the stroke of internal combustion engine each gas column etc. is grasped, and the drive timing of a fuel injection 
valve 10 and the timing (ignition timing) which generates the high voltage from an ignition coil 18 are 
controlled by the CPU41 side. 

[0030] Next, the abnormality judging processing performed in order to detect the abnormalities of the rotation 
phase of a crankshaft 22 and a cam shaft 26 by CPU41 is explained along with the flow chart shown in drawing 

5 . In addition, CPU41 is the start timing of Gl signal inputted through a waveform shaping circuit 48, and it is 
made to have read-out and Gl interrupt processing to memorize and which is not illustrated current time ta 
performed from a timer 45 apart from this abnormality judging processing. 

[0031] If it is the processing performed as one of the NE interrupt processing performed in CPU41 whenever 
NE signal is inputted from the signal generation circuit 50 and processing is started, the abnormality judging 
processing shown in drawing 5 the current TDC signal being first inputted at step 110, and judging whether G2 
above-mentioned signal was High level until now moreover — current — the 1st — it judges whether cylinder #1 
is in a top dead center, and the 1st — if cylinder #1 is not a top dead center — the processing concerned — ending 

— the 1st — if cylinder #1 is a top dead center — step 120 — shifting — current time tb — read-out from a timer 45 

— it memorizes. 

[0032] Next, the deflection of the current time tb memorized at step 130 this time, and the time of day ta 
memorized to the start timing of Gl signal by Gl above-mentioned interrupt processing (Namely, after [ Gl 
signal input ] the lcylinder# time amount taken for 1 to become a top dead center) It asks for **t and this time 
amount **t is converted into the angle of rotation tGA of a crankshaft 22 at degree step 140 based on the 
rotational speed of the internal combustion engine 2 which asked from the input period of NE signal. 
[0033] moreover, the thing for which the angle of rotation tGA which asked for the phase lag include angle C 
based on an internal combustion engine's 2 rotational speed, and carried out [ above-mentioned ] conversion 
using this phase lag include angle C is amended using the **** map shown in drawing 6 set up beforehand at 
step 150 below — after [ 1st ] Gl signal input — the real angle of rotation GA of the crankshaft 22 taken for 
cylinder #1 to become a top dead center is computed. 

[0034] That is, since it is generated by NE signal's shaping Ne signal from the crankshaft sensor 34 in 
waveform in a waveform shaping circuit 47, and carrying out signal processing in the signal generation circuit 
50 further, delay arises to actual angle of rotation of a crankshaft 22, and the delay increases, so that an internal 
combustion engine's 2 rotational speed is high, as shown in drawing 7 . Moreover, since delay arises to Gl 
signal similarly and Gl signal is moreover generated by rotation of a cam shaft 26, the delay will turn into still 
bigger delay than NE signal, as shown in drawing 7 . Therefore, the phase contrast of each [ these ] signal 
changes according to an internal combustion engine's 2 rotational speed, and becomes so large that an internal 
combustion engine's 2 rotational speed is high. 

[0035] Then, in order to amend the measurement error of the above-mentioned angle of rotation tGA produced 
according to the phase contrast of each such signal in this example, By creating the map showing the phase lag 
include angle corresponding to an internal combustion engine's 2 rotational speed beforehand shown in drawing 

6 , reading the phase lag include angle C in this map, and amending angle of rotation tGA using this value after 
[ 1st ] Gl signal input — it enables it to compute correctly the real angle of rotation GA of the crankshaft 22 
taken for cylinder #1 to become a top dead center 

[0036] Thus, if the real angle of rotation GA is computed at step 150, it will judge whether it shifted to step 160 
this time, and the absolute value of the deflection (GAM-GA) of the study value GAM of the real angle of 
rotation GA computed in the past at the below-mentioned step 180 and the real angle of rotation GA for which 
it asked at step 150 this time exceeded the predetermined value alpha (for example, 50degree-CA). Moreover, if 
the absolute value of this deflection (GAM-GA) is not over the predetermined value alpha, it judges whether it 
shifted to step 1 70 and the absolute value of deflection (GAM-GA) exceeded the predetermined value beta (for 
example, 15degree-CA). 

[0037] And if the absolute value of this deflection (GAM-GA) is not over the predetermined value beta, the 
crankshaft 22 and the cam shaft 26 are normally connected by the timing belt 24, and the malrotation judges 
that there is nothing, shifts to step 1 80, updates the study value GAM using operation expression {GAM= (3 
and GAM+GA)/4} based on the real angle of rotation GA for which it asked at step 1 50 this time, and the 
current study value GAM, and once ends the processing concerned. 
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[0038] On the other hand, when it is judged that the absolute value of the deflection (GAM-GA) of the study 
value GAM and the real angle of rotation GA exceeded the predetermined value alpha at step 160, it judges that 
the gear- tooth jump of the gear by the side of the cam shaft sensor 36 which engages with a timing belt 24 
occurred, and shifts to step 1 90, and the processing concerned is ended, after setting the malfunction detection 
flag XDA for reporting that to an operator. 

[0039] Moreover, when it is judged that the absolute value of the deflection (GAM-GA) of the study value 
GAM and the real angle of rotation GA exceeded the predetermined value beta at step 1 70, it judges that the 
gear-tooth jump of a timing belt 24 occurred, and shifts to step 200, and the processing concerned is ended after 
setting the malfunction detection flag XDB for reporting that to an operator. 

[0040] The time of day ta when Gl signal was inputted from the cam shaft sensor 36 by this example as shown 
in drawing 8 (a) as explained above, after that — the 1st, while cylinder #1 computes the real angle of rotation 
GA of a crankshaft 22 from the time of day tb used as a top dead center The study value GAM is computed by 
equalizing this real angle of rotation GA using the above-mentioned operation expression {GAM= (3 and 
GAM+GA)/4}. He is trying to judge the cam shaft sensor 36 side gear and the abnormalities in a phase by gear- 
tooth jump of a timing belt 24 by whether the deflection (GAM-GA) of this study value GAM and the real 
angle of rotation GA exceeded the predetermined values alpha and beta. 

[0041] For this reason, as shown in drawing 8 (b), even if it is the case to which the input timing of Gl signal 
corresponded to input spacing of NE signal at the tooth-lead-angle side where it shifts angle of rotation 
(30degree-CA) according to this example Moreover, to a lag side, as conversely shown in drawing 8 (c), even if 
the input timing of Gl signal 30 degree-CA Is the case where it shifts The value corresponding to that amount 
of gaps can be computed as real angle of rotation GA1 and GA2, and the abnormalities of the rotation phase of 
a crankshaft 22 and a cam shaft 26 can be detected by comparing this real angle of rotation GA1 and GA2 with 
the study value GAM. Moreover, in this example, without being influenced by the attachment tolerance of a 
crankshaft and a cam shaft in order to perform an abnormality judging using the study value GAM which 
equalized the real angle of rotation GA, an abnormality judging can be performed and abnormality judging 
precision can be improved. 

[0042] 1/4 [ value / GAM / study / so-called ] using [ in / at the above-mentioned example / step 180 ] the 
above-mentioned operation expression {GAM= (3 and GAM+GA)/4} here — annealing, although it was made 
to compute For example, by [ which memorize the real angle of rotation GA computed in step 150 by past 
multiple times, and was these-memorized ] carrying out real angle-of-rotation GA addition, and doing a division 
with the memorized number Maximum GAmax of the real angle of rotation GA which you may make it 
compute the study value GAM, and was computed in step 150 Minimum value GAmin It memorizes. You may 
make it compute the study value GAM by operation expression {GAM= (GAmax+GAmin)/2}. 
[0043] Cylinder #1 reads the time of day tb used as a top dead center from a timer 45, it memorizes it, and 
elapsed time **t in the meantime is computed from the difference (tb-ta). moreover, the time of day ta when Gl 
signal was inputted from the cam shaft sensor 36 in the above-mentioned example and the 1st — the time check 
which performs count actuation, for example with an internal clock although it was made to convert into the 
angle of rotation tGA of a crankshaft 22 — a counter — using — after [ 1st ] Gl signal input ~ you may make it 
clock time amount **t until cylinder #1 becomes a top dead center 

[0044] in addition — if angle of rotation tGA becomes large by gear- tooth jump of a timing belt 24 etc. in this 
case — especially — the time of low rotation of an internal combustion engine 2 — a time check — the time check 
by the counter — time amount **t — long — becoming — a time check — a counter overflows and it may be able 
to stop being able to compute correctly angle of rotation tGA, as a result the real angle of rotation GA 
[0045] then — such — a time check — a counter — using ~ after [ 1st ] Gl signal input, in clocking time amount 
**t until cylinder #1 becomes a top dead center As shown in drawing 9 , in Gl interrupt processing, the value of 
the counter (CCRNK) which counts NE signal like the above-mentioned crank counter 56 by actuation of 
CPU41 It judges whether it is under the predetermined value B showing the top dead center of cylinder #1 (step 
210). the 1st — beyond the predetermined value A showing before [ a top dead center ] predetermined angle of 
rotation of cylinder #1, and the 1st — the case where the value of CCRNK is under B more than A — a time 
check — the time check by the counter being made to start (step 220), and, when the value of CCRNK is not 
under B more than A a time check — the time check by the counter is forbidden and the malfunction detection 
flag XDC which expresses with a crankshaft 22 and a cam shaft 26 the purport which a certain abnormalities in 
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a phase generated is set ~ what is necessary is just to make it like (step 230) 

[0046] namely, the 1 st determined with the values A and B of CCRNK as shown in drawing 10 — only when 
Gl signal is inputted by predetermined angle-of-rotation within the limits in front of the top dead center of 
cylinder #1, calculation actuation of the real angle of rotation GA is performed, in other than this, calculation of 
the real angle of rotation GA is forbidden, and the malfunction detection flag XDC is set to them, and — 
although the amount of rotation phase shifts of a crankshaft 22 and a cam shaft 26 cannot always be detected 
like the above-mentioned example when it does in this way — a time check — an abnormality judging can be 
performed correctly, preventing the miscalculation appearance of the real angle of rotation GA by overflow of a 
counter. 

[0047] furthermore — the above-mentioned example — after [ 1st ] Gl signal input, after converting time 
amount **t until cylinder #1 becomes a top dead center into the angle of rotation tGA of a crankshaft 22 
Although he is trying to compute the real angle of rotation GA by amending using the phase lag include angle C 
which calculated the value tGA using the map shown in drawing 6 Since the map of this phase lag include angle 
C is set up experimentally in quest of the delay of NE signal and Gl signal, it may shift from actual signal delay 
by dispersion in a digital disposal circuit etc. For this reason, the real angle of rotation GA computed in the 
above-mentioned example may shift from an actual value, and that error becomes large in the high rotation field 
where the delay of a signal is large. 

[0048] It judges whether then, as shown in drawing 1 1 , in Gl interrupt processing, an internal combustion 
engine's 2 rotational speed is in the predetermined rotational-speed range Nl near the idle rotational speed - N2 
(for example, 800-1200[r. p.m.]) (step 310). When an internal combustion engine's 2 rotational speed is in this 
range Nl - N2, current time ta is memorized (step 320) and an internal combustion engine's 2 rotational speed 
separates from these range N1-N2 If it stops memorizing current time ta and calculation of the real angle of 
rotation GA is forbidden, the detection precision of the real angle of rotation GA can be improved more. 
[0049] in addition, judgment actuation of this step 310 — a time check — the same effectiveness is acquired even 
if it is made to perform in Gl interrupt processing shown in drawing 9 which prevents overflow of a counter. 
[0050] 

[Effect of the Invention] As explained above, it sets to detection equipment whenever [ crank angle / of this 
invention ]. While computing angle of rotation of a crankshaft after a reference signal is outputted from a cam 
shaft sensor until the criteria rotation location of a crankshaft is detected The study value which equalized that 
computed angle of rotation is computed, and he detects the rotation phase shift to the crankshaft of a cam shaft 
based on this study value and the newest angle of rotation, and is trying to judge the abnormalities in a phase of 
a cam shaft and a crankshaft. For this reason, according to this invention, by gear-tooth jump of the timing belt 
which connects a crankshaft and a cam shaft etc., even if the rotation phase shift of a crankshaft and a cam shaft 
exceeds angle of rotation of the crankshaft corresponding to angle-of-rotation signal output spacing of a 
crankshaft sensor, it can detect that amount of gaps correctly, and can judge the abnormalities in a phase 
certainly. Moreover, in this invention, like equipment before, the comparison with the criterion value and angle 
of rotation which were set up beforehand does not perform an abnormality judging, but since the comparison 
with the study value which equalized angle of rotation for which it asked in the past, and the newest angle of 
rotation performs an abnormality judging, an abnormality judging can be performed without being influenced 
by the attachment tolerance of a crankshaft and a cam shaft, and abnormality judging precision can be 
improved. 
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XfSV, 0^Mf^^i:*tT, ^Xy^l 8 OtC 
^ff b> ^E^^l 5 0"C^||[El^gGAi: 
ItWfftG AM t C£<5£ , {GAM= (3 

• GAM+GA) /A \ $^fflV^r^^tGAM^^IE^fU 
SK«t««r-fi»T-*-S. 

[0 0 3 8] — ^T^Xiy^l 6 OtCT, ^SffiGAMi: 
SlIilfeftSGAirOffln (GAM-GA) 0*6*Htd5ff 

h 2 4^^-r^^7^$iir>-i^3 6{&!I60^<D#^^ 

&±VtibmmisX. ^7^1 9 0l^9fru 
*31IE#lc«fti-rSfe«>0*»ttffi7 9^XDAS:-fey 

[0 0 3 9] ^fc^^y^l 7 OCT, ¥ff GAM^: 
HlHlteftffiG A boffin (GAM-GA) 0«*rtl[*S»f 

h2 4(Z)Mt;^tfct«tX, 0 0 

[0040] ^_hift^uyb<t 9tC, *n»«-t?tt. El 8 

(a) IC^-TftK, *A«tyt3 6^bGl«^A 
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&nm-tz>kmz. ^<omiBimft&GA&±mmna, 

(GAM= (3 • GAM+GA) / A\ ^M^^XW^^t 
t5I t\C± ^flGAM^WU I^SIGA 
Mtm\B}fcft&GAk<Dm& (GAM-GA) j&S»fJ£*t 

[004 u zcDtctb. ^mmmzxtiiL ms (b) 

&X$>oXh. *tai:08 (c) i^-riD<Gl«-^ 
<DAfif"( ^ >?-t>mftW\Z3 O'CA-fttfcS^-Cfeo 
T t>> HIsKE^ftGAl, GA2^LT. ^(DftliC 
»Jt&Lfc««r*W-rSwtdS-C*. w0>HlHHBft«GA 
1, GA2*^SffiGAM£&Jt«i-3£*fc:J:!K ^ 

mk\.iz^mGAM&m^x&i$mj£*ftti:5ti#>. 

[0 0 4 2] ^^"CJ:|BllSStWT?f4, ^Xs^l 8 0 (d 
*5^T, *SHGAMS:, ±15^*5$; { G AM= (3 • 
GAM+GA) /4} SrffiV^, ^fif 1 / 4 # 3: Ltd £ 
orfHi«J; 5K:Ufc#. 0lt^ryyi5O|:j3 
V^*ffiLfeSIIiH5#lftGA*ja*a*0»lB«bT*3 
§N me>E«bfc^IaMEftftGA*P3»bT, -eofEte 

6J;5^bTfcJ;<, *my7'l5 0i:*JV^Stii 

LfeHlHHEftaG A<Z}S;*:ffiGAmax £ft/MSGAmin 
tSrlB«LT*5#, fffiGAMS:, { G AM= 

(GAmax + GAmin ) / 2} ic£ 9^L£iJi~£<fc 5 U 
Tfc <fcV\ 

[0 0 4 3] ^^^ISH^J-C^ #i*l&H?>"tf-3 6 2>> 

b g i * titcmm t a , i # i a* 

Ji^^ftofc&S^J t b £r*^4 5 £>b^tti LTiStS 
U ^co^ ( t b - t a ) frb*:<Dm<OBMWffl& t £ 
StllLT, ^7^«2 2<D|Hj<Eft£t GA^Slg-r* 

£tTfc5ftl*#*^**tfv^ Gl«tAA8»l* 
{§# ias±^S£fc*S;T><Bii*IWA t «rfH$-f*J; 51- 

[0 0 4 4] ^ ^ ^ I/V^JV h 2 4 

ga, m^xnm®mfi&GA*iEmz»to-ezti:<ft 

[00 4 5] ^C-cr<oJ:9ictf^^v^§rfflv>T, 



g i iitA^ti i «a # i risjb*E,& £ * s * xcomm 
At&nm-rz>i&&\a^ B9ic*H-*n<. gim 

3®{C^V>T, CPU 4 lCOlMMCj:9NEfi-^£_bfE^ 

5 6 <b^(c^7^>-h-r^^^^^ (C 
CRNK) »lftf«# l^±5E^«T]Jr«laieA 

0) . CCRNK(Z)»5A^±B^-Cfc§i^lC(D 
0) % CCRNK^^l^A^±B7feSS-C^V^^(c:^i, 

[0 0 4 6] fiPb, gjl OtdTrrTfrK, CCRNK^f 
A, B-CftSSttS* 1 (0_bJE^B9<ojJf£lHHE 

«a«5Hrt"CG XloM5 
^gGAO»tt!W£*T#v\ r*t«^c!>»&icfi, H 
Etefl£GA<0*m«r*ikL-C\ ft**H177^XDC 

Eia6WoJ:5^^7^^«2 2^^«26 fc^IaHi 

«r ^ O^--^ 7 n — tc <£ -5 ftleHEft A G A^m 

So 

[0 0 4 7] *fcJE^±E**«"Ctt, G l «#A;*« 
fBl*ffi# ldS-b5EjRi:/i:S*-e<o«FmA t £r^>-* 

JBVvCffijE-t-Sr. k\C£ *) % ^lHlte^^GA^#tUi-S 

ixS^HHEAftGAW:. SB^bftiS^i^fc 

[0 0 4 8] *r-C, WttfBl UC^rrtD<, G1W 

XKiEflFOSfKlBlCaUettHN 1 — N 2 («*.« 8 0 0 
-1 200[r.p.m]) AlCfc$d^*»«:¥UHf L Ufy 
^3 10) % ^J»«K2 0|Hlte3SffidSCOffifflNl-N 
2rtlCfc-5 t#iC<D^, Sffil*S9t aSrlBtttb (^^y 
^3 2 0) , F^^»H2<OlEieiS«dSC<0«ffiNl-N 
2^b^Hfc#^^^, m&MM t a SrfBlg-r-SO^* 

it lt *iawi*G Ao»ffl**jhi-« j: 5 ic-rtttf , 

[0 0 4 9] ^r^fy^S 1 OOMifflt W- 
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[0 0 5 0] 

[El l ] *»W«f«MI*t5^D y^HTffcS. 

9H-*hhmkb-c*>*. 

[B3] E C U 4 0 OAttJ^7lHl^ 4 6 iCifctt kfrfcff 

[fen ] 



[B 4 ] »**Qaii!l8©»fftlft«-t-6 ^-f A^-^r- 
[HI 5] CPU 4 lfcTSOT4ft***»6»«*:* 

[B 8 ] Mfc«<o»ff*rRW-r <5KWB"C*>*. 
[B9] lalteAAWai^^^lctf^^^^^v^ 

So 

[BIO] B 9 fcjg* LfcG 1 Mi&«LSO»f^«rnn^ 

inn] ®mft&<nWtom&&fa.k*rz>iz$><nG 1 

34-^7^itVt 36-* 

34a, 3 6 a— Ifcfflia-'fA' 3 5, 37— o—^ 
3 5a — 

40-ECU 4 1— CPU 4 6—AtUAlBllfi 

4 7, 4 8- • -StJ^lE^lHlK 50- -flr-*£j&|BllB 

5 4-^lHlK 

56-^7^^!>^ 6 0-CPl4« 

6 6-r> kbk 

5 8, 6 2, 64, 6 8 -D7!) y/7a s^lUK 

[16] 
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im2] 



ims] 




G1« " 



<b) G1fi* 
(o) G1«* 



#1 
J— 



QA 



(GAM)' 



QA1 



i 



GA2 



(a) Ne€^ 

(b) NES-4 



_r 



TDC 



h #4 



I M M M I I » II I I I 1 

(c) ?3V2fcOV? |12n3[14|15n6h7Hell9]20|2l|22|23| 0j1 I 2 I 3 I 4l 5 I 6 I 7 1 8 I 9 BSHHHIll 

(d) 1DQHH 

(e) SGM 

(f) CPUS* 

(g) Gifi* 

(h) Gl?y*«4 
(I) CP21B* 
(J) C2«* 



[H9l 



II 0] 




XDG-1 






I 











GE 



ETURN 



#4TDC #1TDC 

I I I I I I I I I I I I I I I I I I I I I 



Slit 
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[El 3] 



35a /34 




R 






D 


Q 


CK 


S 





IT 



S 

Q D 



R 



CK 



.-50 



L._ 

Vcc 



6 



3 6 



G1 48 



37 26 



36a 



-60CP1$«SB 

L-CFM 





R 


D 


Q 


CK 






S 



J_ 



R 

HCK Q K»G2 
D 



777^8 



G1 



[in] 



START ) (G1H&) 
310 




320 



( RETURN ) 
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[05] 



Q START ) <NESJ&) 
NO 10 




— I / 

XDA-1 



,200 



190 



RETURN 
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